Potassium and phosphorus are the ions concerned in the composition of the intracellular fluid, and it seems certain that the cell membrane in contrast to the capillary is impervious to most electrolytes.
The relationship of the kidney to the fluid in the vascular system which is in the closest and most sympathetic contact with the rest of the extracellular fluid in the interstitial compartment is shown in fig. 2 .
The functions of the kidney are to maintain the physical and chemical constancy of the body fluids and to eliminate waste products of metabolism. As its function fails from disease, lack of water or salt or some other essential factor to its proper action, so the composition of the body fluids changes and waste products accumulate. The exact nature of the changes is in some doubt but it is known that a number of products of metabolism appear in increased quantities in the blood stream, including urea and phenols. Urea is not toxic to man in the concentration found in the blood in many cases of profound uraemia, but generally speaking, the amount of urea in the blood is a rough index to the severity of the uraemic state. Harrison and Mason have shown that free phenols accumulate in the body fluids in uramia and that their concentration rises as toxaemia progresses.
Although the nature of the metabolic toxins remains obscure there is reason to believe that they are dialysable, that is to say, pass freely across a semi-permeable membrane such as the capillary wall or the peritoneum. I have confirmed the observation made years ago that the urea content of the blood and of natural ascitic fluid are qlmost identical.
That the physical and chemical composition of the extracellular fluids, excluding protein, can be influenced by contact across a semipermeable membrane is the basic concept of the treatment of uremia by dialysis, whether by means of the artificial kidney or by peritoneal lavage. Proceedings of the Royal Society of Medine 1 Fig. 3 indicates diagrammatically the contact with the extracellular fluids achieved by means of the artificial kidney. Fig. 4 shows again diagrammatically the same contact by means of peritoneal lavage. The basic principles which I consider are involved in the treatment of urnmia: (1) To remove the cause where possible. (2) To reduce the load on the kidney. (3) To assist or take over the function of the failing or failed kidney in the hope that it may recover. (4) To relieve symptoms without thereby prejudicing recovery.
(1) Removal of the cause.-In so many cases the cause is unknown, but a careful survey of the patient in general and of his urinary tract in particular should be made, keeping in mind infections and obstructions.
(2) The load of the kidney may be eased by reducing protein breakdown, thus diminishing the metabolic products to be excreted. Protein intake may be limited and at the same time sufficient carbohydrates should be given to prevent the body having to break down proteins to provide energy for ordinary needs. In starvation protein is rapidly broken down after the carbohydrate supply is exhausted. Therefore, starvation especially of carbohydrates is detrimental to urwemia and a low-protein and high-carbohydrate diet should be advised. Neither should the circulation be overloaded with fluids or diuretics. Water and urea, the best diuretics, usually exist in plenty unless the patient has suffered loss from diarrhoea, vomiting and sweating.
It must not be forgotten that the relief of symptoms is one of the supreme duties of the doctor, but I would utter a warning against, first, the use of more than the minimal quantities of sedatives, and secondly, against the forced ingestion of fluids particularly by the intravenous route, especially in the presence of cardiac failure.
(3) To turn now to the assistance ofthe failing or failed kidney, it must first of all be assured that the organ receives sufficient quantities of oxygen, and for this reason any serious degree of anaemia should be corrected by blood transfusion. Cardiac failure must also be corrected, if possible, because the kidney cannot do its work without sufficient blood-pressure. Many patients suffering from uremia, especially the aged, are deficient in hemoglobin.
There are two methods of making intimate contact with the body fluids across semipermeable membranes, for the purpose of removing diffusible toxins and restoring the physical and chemical constitution of the extracellular fluid. First, by peritoneal lavage, and secondly, by conduction of the blood through a semi-permeable tube immersed in a suitable solution. I will briefly go over the history of these methods.
In 1914, Abel, Rowntree and Turner performed artificial kidney experiments on dogs using a tube of semi-permeable membrane immersed in physiological saline solution. Gantner in 1923 used peritoneal lavage for the treatment of uremia in dogs after bilateral ligation of ureters, following the demonstration by Putnam that urea, creatine and other crystalloids diffused into peritoneal fluid from the blood. So far as I know the story of the artificial kidney and of peritoneal dialysis starts with the workers I have mentioned.
The most impressive contribution came from Bliss, Kasteler and Nadler in 1932, who found that dogs after bilateral nephrectomy survived on an average three days unless peritoneal lavage was used. Peritoneal lavage extended life to between thirteen and sixteen days, and in one instance over 9 grammes of urea were removed from the blood stream in twenty-four hours. These workers used saline and found, and I think this point is ofvery great importance, that the animals died of generalized cedema, especially severe in the lungs.
In 1938 Wear, Sisk and Trinkle, used peritoneal perfusion for the treatment of two cases. ofurimia following carcinbma ofthe bladder. They reduced the blood urea but vast quantities of perfusing fluid were used to recover rather small amounts of urea.
In recent years the work originated by Abel, Rowntree and Turner has been revised, extended and developed by Kolff of Kampen.
William Abbott of Detroit and his collaborators have studied peritoneal dialysis in the last few years and have shown that urea nitrogen diffuses quite rapidly into fluid which has been injected into the peritoneum, and that nephrectomized animals can be kept alive in a relatively normal state for over a week by intermittent peritoneal lavage.
Fine, Frank and Seligman of Boston have studied peritoneal perfusion for the treatment of uremia during the last few years, and have shown that continuous peritoneal irrigation with the proper fluid is a satisfactory method of treating urxemia, and they point out that the control of electrolyte and fluid balance is at least as important as the elimination of toxins.
In peritoneal dialysis I have, as far as possible, used the method when I felt there was some hope of recovery. I have only used intermittent peritoneal lavage which I have held to be more satisfactory for reasons which I will discuss later. CASE I.-Our first case was that of a woman aged 37 who had anuria following an incompatible blood transfusion. She was treated by vast quantities of fluid intravenously and admitted to our hospital with anuria of nine days' duration. She was cedematous and drowsy, with a blood urea of 253 mg. %. The kidneys were washed out by cystoscopy. A high spinal anaesthetic was given to no avail, and as the patient's condition was rapidly deteriorating and renal tenderness was very marked on both sides, it was decided to decapsulate the kidneys, and this was done on the tenth day. CEdema of the skin, muscle and perinephric tissues was pronounced. Both kidneys were so firm that on decapsulation the renal substances burst. After the operation a rubber catheter was inserted into the peritoneal cavity and 2,000 c.c. of twice normal saline dripped in slowly. Only 1,100 c.c. were recovered and by this time the patient had begun to pass urine, and there was also an escape of urine from the renal wounds. The next day 1,000 c.c. of double strength saline was run into the peritonea} cavity and only 205 recovered, and the process was further repeated. In all 6,000 c.c. of twice normal saline were put into the peritoneal cavity slowly and allowed to escape, and 2,500 c.c. were recovered containing just over 6 grammes of urea in all, but a great deal of fluid escaped into the dressings. The woman began to pass urine freely after decapsulation and there is no doubt that peritoneal dialysis had little to do with her recovery, but we were satisfied with our experience because first, the woman recovered, and secondly, we had shown that urea could be recovered by peritoneal dialysis. The patient has been followed up since and is normal in all respects.
CASE II.-The second suitable case did not appear for six months. In September 1946 a man, aged 57, was admitted to hospital semi-comatose. Twenty years previously he had undergone a right nephrectomy and about ten days before admission he was seized with nausea and vomiting and gradually his urine output had declined. For twelve hours before admission he had passed no urine whatever. He had a tender, palpable and slightly enlarged left kidney and a blood urea of 268 mg. %. It was thought he had an obstruction of the pelvo-ureteric junction and catheter drainage up the ureter was unsatisfactory. The patient went downhill rapidly, was completely comatose and vomiting copiously. A rapid nephrostomy was performed through the cortex of the greatly distended kidney. A rubber catheter was introduced into the peritoneal cavity and twice normal saline was run in slowly for twelve hours and then allowed to escape naturally. Peritoneal dialysis was continued in all for seventy-two hours, a total of 6,350 c.c. double-strength saline being run into the peritoneal cavity, but only 1,600 c.c. were recovered containing 6-7 grammes of urea. In the meantime the decompressed kidney began to function freely and in twenty-four hours produced 10 litres of urine. The blood urea fell from 268 to 57 mg. %, and a week later the kidney was explored at leisure and obstruction due to aberrant vessels relieved.
In this case again peritoneal dialysis had little to do with the patient's recovery. We lost very little fluid by leakage, and as we put over 6,000 c.c. into the peritoneal cavity and recovered only 1,600 a great deal of the saline was absorbed and excreted by the kidney.
An interesting feature is that the concentration of urea in the peritoneal efflux was higher than that of the blood (fig. 5 ), and another interesting point is that the chloride concentration of the dialysing fluid which was 0c18 gramme to begin with, rose to 0c26 gramme at the end of dialysis. It seems that there was a selective absorption of water which accounted for the high level of urea and chlorides in the peritoneal washings. CASE III.-The third case was a man of 62 who had a carcinoma of the prostate for which a resection was done in March 1945, followed by treatment with stilboestrol. In October 1946 the patient was admitted with the pelvic floor infiltrated with growth. He was uraemic with a blood urea of 262 mg. %. It was considered that the lower ends of the ureters were blocked by growth. Forced fluids were employed without improvement and it was decided that the man might be tided over the crisis by peritoneal dialysis.
We considered that in the last cases there was evidence that too much chloride had been used in the peritoneal wash, and so in this man normal saline was used. 4,000 c.c. were run into the peritonea) cavity and only 650 c.c. recovered.
2,000 c.c. were used for each dialysis and the efflux contained 450 mg. % of urea in the first specimen and 360 mg. % in the second. It is interesting to note that during this time the blood-urea readings were 203 and 195 mg. % (fig. 6 ).
Eventually the man died quite suddenly and the post-mortem examination showed massive prostatic carcinoma blocking the ureters and multiple secondaries in the lungs. CASE IV.-The next case was that of a male aged 58, who was admitted in November 1946 in a semi-comatose condition with an offensive dark brown vomit and diarrhoea, he was in a collapsed condition with a blood-pressure of 70/50. He was treated on general principles for shock and given continuous 5 % dextrose saline intravenously and very slowly. He improved slightly and by the Proceedings of the Royal Sociey of Medicine 20 next day it was found his blood urea was 460 mg. % and he had only passed a few c.c. of urine. The next day the patient's condition began to deteriorate again and although the cause of his uremia was not known it was decided that pending further investigation to reach an accurate diagnosis, peritoneal dialysis was justified to assist the failing kidney.
A rubber tube was passed down through the abdominal wall into the lower part of the peritoneal cavity and 2 litres of double strength saline were run in as quickly as possible and left in the pelvic cavity for six hours. The running in of the fluid at this rate did not cause discomfort. The fluid was gently sucked out and the dialysis repeated twice more. 10,000 c.c. of fluid in all were run into the peritoneal cavity and 6,500 recovered and found to contain 18-8 grammes of urea. Fig. 7 shows the blood urea levels and the levels in the washing fluid.
Meantime the patient's condition deteriorated and he became cedematous, especially in the lungs and died two days after admission.
The post-mortem showed gross pulmonary cedema, but a normal liver and apparently normal kidneys. There was no peritonitis. Section of the liver and kidney showed no gross abnormality.
The treatment in this case was unsatisfactory in that no cause was found for the uraemia. o>f saline from the peritoneal cavity, and that like some of the animals used in experimental fields, the cause of death was pulmonary cedema. It was resolved that should another opportunity for peritoneal dialysis arise, an attempt should be made to avoid overloading the patient with water and chlorides, and we realized also that we had been aiming at the removal of urea and forgetting the necessity of making a real attempt to take care of the physical and chemical composition of the extracellular fluid. CASE V.-In January 1947 a man, aged 23, was admitted to hospital complaining of diarrhoea, vomiting and malaise. He had a medical history of some length. In May 1943 he was said to have suffered from some form of renal infection and in August 1943 he had been in hospital with aedema of the ankles, feet and face. He was then known to have albumin in the urine and red cells but no casts. Apparently he was diagnosed as a case of nephritis and sent home.
On admission in January 1947 he was pale, ill-looking and drowsy, with a furred tongue and moderate cedema and ascites. His blood-pressure was 180/120 and his urine loaded with albumin. His blood urea was 30 mg. % andhemoglobin 36a%. He continued to vomit and became more drowsy and was given a slow intravenous drip of 5 % glucose in saline for three days, and some blood. After this the blood urea fell to 123 mg.°, moist sounds appeared in both lung bases and the infusion was discontinued. The urine output contnued to fall and by the evening of the 20th, ten days after admission, his blood urea was 300 mg. %. His condition was rapidly deteriorating and it was decided that the danger period might be tided over by peritoneal dialysis. A plastic tube was inserted into e recto-vesical pouch through a small incision in the right iliac fossa, and on opening the peritoneum a considerable quantity of ascitic fluid escaped, which on subsequent analysis was found to have a urea content of 300 mg. %, identical with that of the blood. Dialysis was started at about 9.30 a.m. with 2,000 c.c. of 5 % glucose in water and 1 gramme of novocaih run into the peritoneal cavity. It was decided to use glucose and water, a solution with an osmotic pressure sufficient to prevent the loss of large quantities of water into the blood stream, and novocain was added lest the glucose solution caused pain. Samples of this fluid were withdrawn every quarter of an hour for two hours, dn order to determine the rate of urea dialysis and the optimum time at which to discontinue and withdraw the fluid. After three hours the dialysis was discontinued and the fluid in the peritoneal cavity sucked out. After a short interval another 2 litres of 5°glucose in water was run rapidly into the peritoneum and retained for a further three hours, samples being drawn off every quarter of an hour. Fig. 8 shows the blood urea levels and the level in the fluid withdrawn at intervals. The patient's general condition did not improve and he died.
Post-mortem examination showed marked hypertrophy of the left ventricle and slight aedema of toth lungs, but not of the subcutaneous tissues. The liver was pale with cloudy swelling, the kidneys very pale with capsules adherent and section showed obvious chronic nephritis.
During the last twenty-four hours of his life the patient passed no urine whatever. 12 litres of 5% glucose in sterile water were run into the peritoneal cavity and in all in3 litres were recovered. The patient sweated considerably during the day and hadhypemoea, so that he probably lost by skin and lungs 1l litres. It appears that by sweating, respiration and dialysis the body was deprived of about 3 litres of fluid and this no doubt accounted for the disappearance of cedema. The amount of urea recovered in all was 38 5 grammes.
In this case a considerable quantity of urea was removed from the blood stream by dialysis; more interesting still is the examination of the reaction of the blood chlorides to the dialysis with glucose in water. Much chloride was removed. Fig. 9 shows the changes. It is estimated that 52 grammes of chloride were extracted from the body, again we had failed to take proper care of the electrolyte and water balance in the extracellular fluid.
Another point of great interest arises from the examination of the samples of fluid taken every quarter of an hour. It appears that equilibrium is reached in about two hours.
It was resolved that should another case turn up further care must be taken with the composition of the dialysing fluid, so that on the one hand water and salt were not lost to the body, nor were water and salt excessively added. CASE VI.-In February 1947, a male patient, aged 51, was admitted to hospital with anuria of thirty-six hours' duration. A week before admission his doctor thought he was developing pneumonia and gave him a supply of sulphadiazine. He took 24 grammes in six days and had been instructed to drink plenty of fluid, but had not done so. On examination he appeared fairly fit for his age, he had a slightly furred tongue and was tender on palpation in both loins. His chest was clear. A catheter was passed but no urine obtained.
Large quantities of alkaline fluids were given by mouth and the next day no urine had been secreted and a cystoscopy was performed. There was considerable cedema of both ureteric orifices, some fine brownish crystals were seen in the bladder and on the left side crystals and clot were protruding from the orifice. These crystals were subsequently identified as those of sulphadiazine.
During the day the blood urea rose from 99 to 117 mg. % and his clinical condition deteriorated throughout the day and he began to show signs of marked aedema of the lungs. At 6 p.m. a cystoscopy was performed but catheters would not pass up the ureters and so it was decided to do a nephrostomy on one side. The kidney was exposed and a clear rush of urine followed the incision of the pelvis and a Cabot's nephrostomy was performed. After the operation a plastic tube with side holes was introduced into the recto-vesical pouch and the bronchial tree sucked out by bronchoscopy. On return to the ward 2,000 c.c. of 5 % glucose in normal saline was run rapidly into the peritoneal cavity. Here we were using saline to avoid chloride depletion and glucose to maintain osmotic pressure.
Half-hourly samples of fluid were taken for analysis and the remaining fluid sucked out three hours later. Fig. 10 shows the urea changes. 1,650 c.c. were recovered. The dialysis was repeated with the same solution, but as the patient complained of pain the tube had to be withdrawn and a fine mg% 05 mO '7~~~0 . trocar passed into the peritoneal cavity in the right iliac fossa. and 1,600 c.c. of fluid drained by this route. Suction of the bronchial tree had to be performed again while the patient was in bed as his chest was very bubbly.
By the next morning the blood urea was 117 mg.% and his general condition much improved. 277 c.c. had drained from the nephrostomy and in the evening he passed 700 c.c. of clear urine. Thereafter the patient improved rapidly and was discharged from hospital well.
A biopsy of the kidney taken at operation showed sulphadiazine crystals in the tubules. In this patient the bronchopneumonia or cedema of the lungs from which he was suffering was the most dangerous condition, and I think the repeated suction of the bronchial tree was the main factor in his recovery. The dialysis, while it was beneficial, cannot be regarded as having been a success. While it was functioning the blood-urea level was reduced but it rose again after the dialysis was discontinued. Only 4 grammes of urea were recovered from the efflux. This is just a brief account of my experience with peritoneal dialysis, and the results are not impressive. My accounts are not complete and I have given but a few of the hundreds of estimations which were done in the laboratory while the cases were treated. I should like to pay tribute to the work done by Mr. Roland Jones and Dr. J. Penfold who helped me. Those undertaking peritoneal dialysis must be prepared to stay up all night.
What have we gained from our experience?
I think we have confirmed that by peritoneal dialysis urea, and presumably other toxic products, can be removed from the blood stream.
There is no doubt that clinical improvement occurs which cannot be translated into statistical terms.
We have shown that care of the fluid electrolyte balance is of the greatest importance. When intermittent injection is used we have shown that rapid diffusion of urea occurs, reaching the level of that in the blood within two hours, and we have also shown that the concentration of urea in the wash may exceed that in the blood stream.
Before peritoneal dialysis as the treatment of urxmia can be put upon a safe basis it is necessary to settle certain questions: (a) The method of carrying out peritoneal lavage, whether by continuous perfusion or intermittent injection and withdrawal. (b) The constitution of the proper fluid for perfusion.
(a) It is my belief at present, that intermittent injection and withdrawal is better and safer than continuous perfusion. Continuous perfusion requires vast quantities of sterile fluid and the exchange goes on so rapidly that dangerous changes may occur before the laboratory estimations can indicate their presence. Disaster may be on the patient while one is waiting for laboratory results. I prefer therefore intermittent injection and withdrawal because one can call a halt for the assessment of the position between each perfusion. In continuous perfusion it is possible that the fluid may follow one track which will soon be enclosed in adherent coils of bowel and omentum, so that the contact area between the perfusing fluid and the peritoneum is very much reduced.
(b) The fluid should have the following qualities: (i) It must be a fluid permitting rapid diffusion of waste products into it. (ii) It must be a fluid which will not grossly alter the electrolyte and water balance of the extracellular fluid. (iii) It must have an osmotic pressure near that of plasma. (iv) It must be adjusted to combat acidosis and alkalosis.
We have used various solutions, the most satisfactory in our cases probably being 5 % glucose in saline. William Abbott has shown by animal experimentation that a modified Hartman's solution containing glucose satisfies the criteria of removing waste products and not upsetting too grossly the extracellular fluid. Fine, Frank and Seligman use a modified Tyrode solution. The composition of these fluids has been published.
In the modern treatment of uremia peritoneal dialysis undoubtedly has a part to play. It should only be used in cases of temporary renal suppression when there is definite hope that the kidneys will recover sufficiently to maintain life, and it must be used with the greatest care for it is a dangerous procedure. It must above all not make the patient worse. Attention must not be focused entirely upon the removal of waste products to the exclusion of maintaining the physical and chemical stability of the extracellular fluid. Neither the cardiovascular system nor the kidney should be overloaded with water.
Peritoneal dialysis is a method in its infancy. It may one day be the most potent weapon in our hands for the treatment of urxemia and it may even be extended to the relief of other toxwemias.
Dialysis of Blood for the Treatment of Ur2mia. [Precis] By E. M. DARMADY, M.R.C.P. IN the past, blood dialysis for the treatment for urnmia has largely failed. Kolff, however, overcame these difficulties, first by using a cellophane tube as a dialysing membrane and secondly by using a rotating drum to spread a small quantity of blood over a large dialysing surface. It is, of course, necessary to heparinize the patient fully and for this purpose 200 to 300 mg. ofheparin are given before the treatment starts. This is backed up by running heparin into the machine whilst the dialysis is occurring. Many authorities have suggested that the treatment is unsuitable owing to the liability to bleed but it has been found that blood transfusion and protamine sulphate will antagonize the heparin adequately in the case of sudden himorrhage. In considering an ideal design for such a machine it is important that a free continuous flow of blood is obtained from the patient through the dialysing system and finally to the patient again. The blood is best extracted from the radial artery since veins oflarge calibre are insufficient to give necessary quantities ofblood ( fig. 1 ). It is important that the amount of blood which enters and leaves the machine should be controlled, since if too much blood is allowed to enter, the dialysing surface is swamped, and the blood inadequately dialysed. In my machine the pump controls the flow of blood between the patient and the dialysing tubes and thus ensures that the surface is adequately covered. I have further found that provided the inflow and outflow pumps are exactly synchronized there is no danger ofshock to the patient (fig. 2 ). At first it was thought that it was ofimportance to limit the amount of blood withdrawn from the body at one time but by filling the machine with blood first this does not prove to be an obstacle. By winding the dialysing tubing round a rotating drum, it not only spreads a small quantity of blood over the dialysing surface but
